We have overexpressed another insulin receptor kinase molecule, which consists of residues 941-1343 inclusive of the human insulin receptor, by using the baculovirus expression vector pVL941. Unlike the two previous preparations of insulin receptor kinase in this expression system, this molecule contains the complete unmodified sequence of the cytoplasmic domain of the human insulin receptor P subunit. Our construct allows high-level expression of the recombinant protein in cultured Sf9 cells and in cabbage looper (Trichoplusia ni) larvae. An improved purification procedure yields .95% pure protein in 55% yield from the cells. The specific activity of this purified protein is 3.5-fold greater than from the previously described baculovirus insulin receptor kinase (that included residues 9461343 from the proreceptor). Like the latter molecule, the insulin receptor kinase molecule reported here sediments as a monomer, and its autophosphorylation occurs by an intramolecular process. Preliminary data about the spectroscopic features of the cytosolic domain of the human insulin receptor are presented.
The heterodimeric human insulin receptor (hIR) contains two transmembrane ,B subunits with cytosolic tyrosine kinase domains that are activated by the binding of insulin to two covalently attached, extracellular a subunits (1) (2) (3) (4) . Autophosphorylation of tyrosyl residues in the cytosolic domain enhances the receptor's ability to phosphorylate exogenous substrates (5) (6) (7) (8) (9) . The cytosolic kinase domain has been shown to function independently of the a subunit. In intact mammalian cells, this domain can be expressed as an active soluble protein kinase (7; D. Lebwohl and O.M.R., unpublished observations). This kinase domain has also been purified from a baculovirus expression system, yielding a soluble kinase with many properties of the hIR (10).
Although the primary amino acid sequence of the hIR has been deduced (11, 12) , little is known about the secondary and tertiary structure of the receptor. In this report we describe an improvement in the expression of the soluble kinase domain. We have engineered another baculovirus insulin receptor kinase (BIRK) molecule in a recently developed vector, pVL941 (13) . Unlike previous reports (10, 14), the amino-terminal sequence of this kinase that includes residues 941-1343 inclusive of the hIR (R-BIRK) is identical to the cytosolic hIR domain. This rendition of BIRK is called R-BIRK to distinguish it from the BIRK previously described that included residues 946-1343 from the proreceptor and carried an amino-terminal histidine (H-BIRK).
Gains in the overproduction of the cytosolic domain of the ,3 subunit have set the framework for conducting structure/ function studies in vitro. As part of that objective, we describe some properties of R-BIRK and a preliminary analysis of its spectroscopic characteristics. Circular Dichroism. Spectra were obtained on an Avivmodified Cary 60 spectropolarimeter and recorded at a scanning speed of 0.08 nm/s. The optical path of the cell was 0.1 cm in the far-UV (below 250 nm) and 1 cm in the near-UV (320-250 nm) region. Results were expressed as mean residue-weight ellipticities in units of degree X cm2 X dmol-1and represent the average of at least five independent determinations (20) . Values were calculated on the basis of 118 as mean residue weight in R-BIRK. Protein concentrations were in the range of 0.1-0.4 mg/ml and 0.5-1.0 mg/ml for measurements in the far-and near-UV regions, respectively. The R-BIRK spectra were measured in 50 mM Tris HCI buffer, pH 7.4/100 mM NaCl.
MATERIALS AND METHODS
Fluorescence Studies. Spectroscopic measurements were conducted with a Perkin-Elmer MPF-44B spectrofluorometer operated in the ratio mode. Spectra were recorded at 20°C in 1.0-cm optical path cells at a scanning speed of 60 nm/min. Amino Acid Analysis. Amino acid analysis was done on a Beckman model 6300 automatic analyzer.
RESULTS
Expression and Purification of R-BIRK. In this, our second report of the overexpression of the cytosolic domain of the insulin receptor /3 subunit, we have improved expression of the protein and changed the amino-terminal sequence so that it matches the deduced amino acid sequence of the hIR receptor cytosolic domain precisely.
The baculovirus transfer vector pVL941 was used instead of pAC373. pVL941 has been reported to yield higher expression of several recombinant proteins (13) . This result is apparently because the initiation ATG codon in the polyhedrin 5' DNA has been changed to an ATT codon and the foreign DNA is inserted in a BamHI site that is 35 bp downstream from this triplet (Fig. 1A) . Thus, transcriptional and translational control sequences around this ATT codon are preserved, while the introduced initiation codon is used to produce a nonfusion protein (13) .
The first seven amino acid residues in the amino-terminal region of the insulin receptor cytosolic domain (11) were substituted with Met-His-Ala-Ile-Asp. Ellis et al. (14) used the same vector, pAC373, to produce a kinase with an amino-terminal amino acid sequence also nonidentical to that found in the native receptor.
In this report we used a DNA fragment corresponding exactly to residues 941-1343 of the hIR DNA. The purpose of conserving the sequence of the cytoplasmic domain of the hIR precisely was the possibility that some of the properties previously ascribed to H-BIRK were a function ofdifferences in its amino terminus. R-BIRK was identified by immunoblotting with antipeptide antibodies (AbP2, AbP4, and AbP5) elicited against three different regions of the cytoplasmic domain of the hIR (19) . AbP2 was elicited to the peptide corresponding to residues 1142-1162, AbP4 to residues 952-967, and AbP5 to residues 1328-1343 of the human insulin proreceptor. In Fig. 1B harvested by centrifugation at 3600 x g for 5 min at 4TC. All the following steps were done at 4TC. The pellet was washed with 60 ml of phosphate-buffered saline and collected by centrifugation for 5 min. Cells were then resuspended and homogenized in 50 mM Tris HCl buffer, pH 7.4, (100 ml) containing 250 mM sucrose, 25 mM benzamidine, leupeptin at 10 gg/ml, aprotinin at 10 tkg/ml, pepstatin A at 1 ,ug/ml, and 1 mM phenylmethylsulfonyl fluoride. All pH determinations were calculated at room temperature. The cell lysate was sedimented at 100,000 x g for 45 min. The high-speed supernatant fluid was collected, and dithiothreitol was added to a final concentration of 1 mM.
This fraction was subjected to three rounds of chromatography. (i) The sample was loaded onto a column containing 15 ml of Fast Q-Sepharose previously equilibrated with 50 mM Tris'HCl buffer, pH 7.4, containing 100 mM NaCl, 1 mM dithiothreitol, leupeptin at 10 ug/ml, aprotinin at 10 ,ug/ml, pepstatin A at 1 ,g/ml, and 1 mM phenylmethylsulfonyl fluoride. After application, the column was washed with 100 ml of the equilibrating buffer, and the sample was eluted with a gradient from 0. tSuperose-12 eluate was divided into two pools, the one described here and another from side fractions that are -90%
homogeneous. Overall yield of the two pools together is -60%.
the formation of a 4000 Mr fragment that was immunoprecipitated and immunoblotted by AbP4, but not with AbP2 and AbP5 (Fig. 3) . This fragment from H-BIRK, as described by Herrera et al. (10), contained -40% of the total radioactivity incorporated into the entire molecule by the process of autophosphorylation in vitro. However, in a similar experiment in which purified autophosphorylated hIR was completely digested with trypsin, only 6% of the total counts could be immunoprecipitated with AbP4 (21) . In the experiment shown in Fig. 3 , -40% of the radioactivity is incorporated into this fragment in R-BIRK as well as in H-BIRK. One important question addressed in our previous report is the intramolecular autophosphorylation of BIRK. It is evident from Fig. 4 that the incorporation of 32p into R-BIRK from ['y32-P]ATP is linear over a 10-fold dilution of protein from 3 uM to 300 nM. Thus, the specific activity is independent of the concentration of R-BIRK under these conditions. Sucrose-gradient analysis in this range of protein concentration indicates that R-BIRK is a monomer. The protein sedimented as a single peak between ovalbumin and hemoglobin standards; its estimated molecular weight from this analysis was 50,000.
Three additional kinds of experiments substantiated the conclusion that autophosphorylation is intramolecular. (i)
The addition of 500 ,uM heat-inactivated R-BIRK (60'C for 15 min) to 500 nM active R-BIRK did not result in detectable phosphorylation of the denatured R-BIRK. (ii) When the same concentrations of heat-inactivated R-BIRK and active T-BIRK were mixed [T-BIRK can be distinguished from R-BIRK because of its lower Mr (43,000)], we again did not observe 32p incorporation into R-BIRK. (iii) One and twotenths micrograms of immunoprecipitated active R-BIRK were added to 100 ug of heat-inactivated R-BIRK. After the autophosphorylation reaction, the washed pellet and the supernatant from the immunoprecipitate were separated and loaded onto a NaDodSO4/PAGE gel. Again there was no observable phosphorylation of the heat-inactivated R-BIRK Electrophoretic analysis of the amino-terminal tryptic peptides of R-BIRK and H-BIRK. Both proteins were autophosphorylated under the described conditions for 15 min at 23°C. The reactions were stopped by adding 20 mM EDTA. Aliquots were then digested with L-1-tosylamido-2-phenylethyl chloromethyl ketone (TPCK)-treated trypsin (0.5 mg/ml for 6 hr at 37°C) with 20 mM sodium pyrophosphate/20 mM NaF. These reactions were terminated by adding 5-fold molar excess of soybean trypsin inhibitor/1 mM phenylmethylsulfonyl fluoride/leupeptin and aprotinin each at 10 ,ug/ml. The samples were then immunoprecipitated with AbP2, AbP4, and AbP5 (1:50 dilution) at 4°C for 14 hr with or without the peptide (1.5 ,ug/ml) to which the antibody was elicited. NaDodSO4 sample buffer was added to each pellet. After (Fig. 5 A) . The secondary-structure content was calculated to be 20.8% a-helix, 25.5% A-sheet, 9.9% /3-turn, and 43.8% random coil, according to the method of Chang et al. (20) .
In the near-UV wavelength region of the protein (250-350 nm), the spectrum displays a significant negative dichroism centered at 280 nm (Fig. SB) . This maximum corresponds to the overall contribution of the 13 tyrosines and 5 tryptophans present in this protein.
Fluorescence Spectra. An aliquot of purified R-BIRK at 15 ,ug/ml, in 50 mM Tris HCl, pH 7.4 (23°)/100 mM NaCl was analyzed for the intrinsic fluorescence properties of the five tryptophan residues and 13 tyrosine residues. At an excitation wavelength of either 275 nm or 295 nm the sample had an emission maximum at 340 nm with an intensity appropriate to its concentration. The excitation maximum is at 280 nm when the emission wavelength is held constant at 340 nm (data not shown).
DISCUSSION
The construction of R-BIRK was designed to increase expression as well as to correct the amino-terminal amino acid sequence of H-BIRK. The overexpression of R-BIRK in the baculovirus expression system pVL941 is enhanced 3-to 4-fold when compared with the H-BIRK developed previously (10). This level of expression allowed us to purify the kinase rapidly and in high yield. This modification plus the change in the amino-terminal sequence to match that of the hIR has provided a better model system to characterize this domain and has encouraged us to further define several kinetic and spectroscopic properties of R-BIRK. terminal sequence to that of the receptor pro active protein. We have also shown by a vari ments that R-BIRK maintains the capacity for i autophosphorylation.
It is evident, however, that R-BIRK as well a unlike the insulin receptor protein-tyrosine kina catalyze a substantial incorporation of 32P fro into their amino-terminal domains (10, 21-23) the result of greater accessibility of the acti, enzyme to this region when it is not membran4 in a heterodimer.
The cytosolic domain of the insulin recep contains 5 tryptophanyl and 13 tyrosinyl residue preliminary characterization of R-BIRK we pre of its extinction coefficient calculated from i analysis, and this protein concentration is 1.7-f that obtained by a standard Bio-Rad measurei A preliminary analysis of the secondary sti cytosolic domain of hIR was determined by C sion and excitation fluorescence maxima are p CD studies in the near-UV and the fluoresc scopic studies have the potential for produ information about the tertiary structure of possible changes in the tryptophan environment upon ligand binding or autophosphorylation.
In conclusion, we have presented a preliminary analysis of the features of another recombinant insulin receptor proteintyrosine kinase domain. The monomeric cytosolic domain of the hIR R-BIRK will serve as a basis for future studies of the enzymatic and physical properties of this protein-tyrosine kinase.
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